THIS  REPORT  HAS  SEEN  DELIMITED 
AND  CLEARED  FOR  PUILIC  RELEASE 
UNDER  DOD  DIRECTIVE  5200,20  AND 
NO  RESTRICTIONS  ARE  IMPOSED  UPON 
ITS  USE  AND  DISCLOSURE, 

DISTRIBUTION  STATEMENT  A 

APPROVED  FOR  PUBLIC  RELEASE J 
DISTRIBUTION  UNLIMITED, 


Because  a’  our  limited  supply,  you  are  requested  to  return  this  copy  WHEh  IT  HAS  SERVED 
YOUR  PURPOSE  so  that  it  may  be  made  available  to  other  requesters.  Your  cooperation 
will  be  appreciated. 


V 


i NOTICE:  \ IH1SN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 
ARE  USED  TOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A DEFINITELY  RELATED 
GOVERN MI  NT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
i NC  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
i I OOVEHNMF  NT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
I SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
f IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
| PERSON  01  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE, 
| USE  OR  SE3  .L  ANY  PATENTED  INVENTION  THAT  "MAY  IN  ANY  WAY  BE  RELATED  THERETO. 

IfrWMMUIII—irnp-l  ■ 4 7.  nil  II  ■ I .f  — • I 


Reproduced  by 


DOCUMENT  SERVICE  CENTER 

KNOTT  BUILDING.  DAYTON.  2.  OHIO 


SK 


, WADC  TECHNICAL  REPORT  34-86 

*) 


AN  EXPERIMENT  ON  THE  CODING  OF  NUMERALS 
FOR  TAPE  PRESENTATION 


JEROME  COHEM 
ILSE  B.  WEBB 

ANTIOCH  COLLEGE 


DECEMBER  19?) 


WRIGHT  AIR  JEVELOPMENT  CENTER 


WADC  TECHNICAL  REPORT  54*86 


AN  EXPERIMENT  ON  THE  CODING  OF  NUMERALS 
FOR  TAPE  PRESENTATION 


Jerome  Cohen 
llae  8.  Zsbk 

Antioch  College 


December  1953 


Aero  Medical  Laboratory 
Contract  No-  AF18(600)- 50 
RDO  No-  694-31 


Wright  Air  Development  Center 
Air  Research  and  Development  Commend 
United  States  Air  Force 
bright- Patterson  Air  Force  Base,  Ohio 


Cerpante*  I-ltho  k Prt*.  Co.,  Spxing?lelA,0. 
200-28  Saptaaber  19 5* 


f'CRE-'/CRD 


This  report  was  prepared  by  Antioch  College  under  USAF  Contract 
No.  AFlG(o00)-50  covering  work  on  the  principles  of  instrument  presentation. 
The  contract  was  initiated  under  Research  and  Development  Order  No.  69ii-31, 
"Principles  of  Instrument  Presentation, " and  was  administe  .'ed  by  the 
Psychology  Branch  of  ths  kero  Medical  Laboratory,  Directorate  of  Research, 
Hq,  Wright  Mr  Development  Center,  with  Dr.  James  M.  Vanderplas  acting  as 
Project  Engineer. 


WADC  TR  5U-86 


T 


2 


ABSTRACT 


One  way  of  transmitting  information  to  aircraft  crews  would  be  to 
automatically  punch  or  print  numerical  information  on  tape  in  the  airplane 
in  response  to  radio  or  radar  signals.  The  tape  may  be  scanned  by  a device 
to  take  control  action  and  also  be  monitored  by  people.  A compromise 
syetes  of  marking  the  tape  has  to  be  worked  out  which,  is  efficient  for  both 
mechanical  and  human  scanning. 

Twenty-four  subjects  were  tasted  to  determine  the  speed  and  accuracy 
with  which  they  could  read  Arabic  numerals  and  five  systems  of  coded  numerals. 
The  experiment  provides  preliminary  information  about  the  applicability  of 
certain  principles  of  coding  in  the  selection  of  numeral  representations  for 
the  punch  or  printed  tape  method  of  presenting  information  to  airborne 
personnel.  All  subjects  were  fastest  and  most  accurate  with  the  Arabic 
numerals  and  all  but  three  were  slowest  with  the  code  based  on  the  position 
of  a single  dot  on  a grid.  The  fastest  and  most  accurately  read  numeral 
system,  excepting  the  Arabic,  wan  the  symbolic  Arabic  code  which  resembles 
the  Arabic,  but  the  numerals  are  printed  with  six  straight  line  elements. 

The  three  codes  based  on  the  number  of  dots  or  lines  were  intermediate  in 
terms  of  reading  speed. 
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EXPERIMENT  ON  TOE  CODING  OF  NUMERALS  FOR  TAPE  PRESENTATION 


One  way  of  transmitting  information  to  aircraft,  is  to  signal 
an  airborne  printer  which  prints  or  punches  the  signal  on  tape.  The  tape 
may  then  be  scanned  by  a derice  which  may  take  control  action  depending 
on  the  information  received.  In  addition  it  is  essential  for  some  kinds 
of  information  that  the  operator  in  the  airplane  be  able  to  read  the  tape 
efficiently.  In  piloted  aircraft,  reading  the  information  would  be  neces- 
sary fcr  monitoring  the  automatic  equipment,  keeping  logs,  and  predicting 
a course  of  events- which  could  not  be  done  by  automatic  computers. 

The  best  numeral  system  for  the  human  operator  would  probably  be 
Arabic  numerals  because  of  life.long  familiarity,  but  it  would  require  such 
an  extremely  complex  scanner  that  its  use  in  airborne  equipment  would  be 
impractical..  At  the  c .ner  extreme  of  mechanical  simplicity,  tne  printer 
could  have  a single  element  which  made  a number  of  identical  marks  on  the 
tape  equal  to  the  number  transmitted  in  the  signal.  Since  only  five  or  six 
dots  can  be  immediately  subitized  and  more  than  that  have  tc  be  counted, 
this  would  be  a slow  and  inaccurate  system  for  the  operator  (1).  The  pur- 
pose of  this  research  is  to  get  preliminary  data  which  would  help  in  deter- 
mining the  kinds  of  coding  systems  which  should  most  profitably  be  explored 
in  designing  a numeral  system  for  tape  presentation  for  both  visual  and 
mechanical  scanning.  Numeral  coding  systems  which  maintain  mechanical  sim- 
plicity and  which  are  also  easily  read  by  people  are  tne  ones  which  should 
logically  be  considered  for  methods  of  tape  presentation. 


THE  CODES 


Five  numeral  coding  systems  and  th<i  Arabic  code  were  used  in  this 
experiment  (see  Fig.  I).  The  Arabic  code  was  used  in  order  to  establish  a 
baseline  of  comparison  for  the  other  codes.  Code  B,  the  symbolic  Arabic 
code,  was  chosen  as  a system  which  re3e0bJ.es  the  Arabic  code  but  requires 
only  six  scanning  elements  (lines)  rather  than  the  large  number  which  would 
be  required  by  the  Arabic  code.  There  ars  two  dot  codes,  C and  B.  which 
are  based  on  the  number  of  dots,  but  the  dots  are  differently  patterned 
to  help  in  the  identification  of  visual  r. umber.  Code  E depends  on  the 
position  of  a dot  on  a nine  square  grid  for  presentation  of  a numeral. 

Code  F is  based  on  the  number  of  short  vertical  lines  in  a row.  Codes  C,  D 
and  E would  probably  be  better  without  aeros,  but  for  the  experiment  we 
needed  to  represent  aeros  in  order  to  indicate  whether  the  other  numeral 
should,  be  in  the  unit  or  the  tens  position,  since  only  one  two-digit  number 
appeared  on  each  stimulus. card.  The  codes  were  chosen  to  represent  a wide 
range  of  code  types  in  order  to  eliminate  poor  ones  from  further  considera- 
tion and,  in  a preliminary  *ay,  to  suggest,  the  kinds  of  systems  which  would 
be  promising  for  further  research. 
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THE  EXPERIMENT 


Twsrvty-four  college  students  r4th  an  age  range  from  16  to  Zk  yaa rs 
were  used  In  six  groups  of  four  subjects  each*  The  experimental  assign  of 
the  order  of  presentation  of  the  codes  to  the  groups  of  subjects  is  shown 
in  Table  I.  £11  subjects  were  tested  on  all  codes,  but  the  order  of  presen- 
tation of  the  different  -codes  to  thf;  groups  of  subjects  "was  counterbalanced 
so  that  every  code  occurred  In  eacr.  aerial  position  cone  and  preceded  aad 
fcllcssd  gsrsry  other  code  once  and  only  once.  This  procedure  controlled  for 
facilitory  or  inhibitory  effects  among  the  codes  since  all  the  codes  -sera 
presented  in  the  e*ee  session* 


TABLE  I 


Experimental  Design 


The  number*  in  the  table  represent  the  order  of  presentation  of  the 
codes  to  the  different  groups  of  subjects. 


SUBJECT 

GROUPS 


COOES 

A E C D 


E P 


II 

III 

IV 

V 

VI 


1 

2 

•a 

4i 

k 

5 

6 


3 

i* 

5 

6 


3 

1* 

5 

6 


6 

1 

2 

3 

h 


k 

5 

6 
1 
2 


5 

6 
1 
2 
3 

b 


The  subjects  were  tested  individually  while  sitting  at  a table  with 
the  experimenter*  Before  being  tested  on  a code,  the  subjects  were  given  a 
single  card  with  the  ten  Arabic  digits  and  the  ten  ceded  digits  of  the  particu- 
lar code  printed  on  it,  in  order  to  f ftsi  1 icriss  themselves  with  the  code  in 
a two  minute  learning  session.  The  experimenter  reviewed  the  coded  numerals 
with  the  subjects  and  made  sure  that  they  understood  the  code.  The  subjects 
were  permitted  to  keep  the  instruction  card  while  being  tested  on  a code,  but 
the  cards  wer*  referred  to  only  rarely.  An  experimental  trial  consisted  of 
reading  as  rapidly  and  accurately  as  possible  100  randealy  asserted  two-digit 
coded  numbers  ranging  from  00  to  99  inclusive  from  a deck  of  IDO  three-by- 
five  index  cards.  The  100  cards  of  a single  code  were  in  a -deck  in  front  of 
the  subject;  he  took  the  cards  one  by  one,  read  the  number  on  the  card  and 
put  the  cards  on  another  pile  after  reading  then.  A five  minute  ratt  given 
the  subject  after  testing  with  each  code.  A record  cf  the  reading  time  for  the 
deck  and  for  the  number  of  errors  was  kept  by  the  experimenter. 
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lltoflierel  codes  used  in  the  experiment 


SECONDS 


60 

50 

40 

30 

20 

10 


Fig.  2.  U£.a n time  to  read  100  numbers  and  total  number  of  errors 
made  by  2U.  subjects.  The  empty  columns  represent  time  data  and  the  filled 
columns  represent  error  data.  Perry's  data  on  the  time  required  to  read 
Roman  numerals  converted  to  give  results  comparable  to  our  own  is  presented 
by  column  R« 

* The  first  column  represents  the  handling  time  for  100  cards  without, 
reading  numbers. 
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ERRORS 


RESULTS 


The  average  time  it  took  the  subjects  to  read  a pack  of  100, cards 
and  the  total  number  of  errors  in  all  the  readings  of  all  the  subjects  is 
presented  in  figure  2.  The  time  it  took  each  subject  to  read  each  code  is 
in  Appendix  I,  and  the  particular  errors  which  occxirred  are  in  Appendix  II. 
Table  II  shows  that  the  differences  in  mean  reading  times  among  the  codes 
are  significantly  larger  than  would  be  expected  by  chance.  The  codes  were 
ranked  in  order  of  the  speed  with  which  they  could  be  read  by  each  subject. 

•.nc  number  of  subjects  nhu  were  aaotest^  second  issuest,  thirds  fourth, 

... wti  sja  .mwi  iao uoo u itx ui  tjttcii  cuv«  .w  ^irflfifin wu  xu  J.J.J  . It, Is  not 

surprising  that  all  the  subjects  were  fastest  with  the  Arabic  code,  but  it 
is  significant  that  nineteen  of  the  twenty-four  subjects  were  second  fastest 
with  the  symbolic  Arabic  code,  code  B.  Code  F,  the  dot  position  code,  re- 
sulted in  the  slowest  performance  for  21  of  the  subjects.  The  consistency 
of  the  rank  orders  of  reading  speed  of  the  various  codes  free  subject  to 
subject  is  shown  by  Figure  3.  The  curve  is  the  frequency  distribution  of 
rank  order  correlation  coefficients  obtained  by  correlating  the  rank  order 
of  the  codes  for  each  subject  with  every  other  subject.  The  Arabic  code  was 
omitted  from  the  rank  orders  so  a»  not  to  inflate  the  correlation  coeffi- 
cients which  are  ba«ed  only  on  the  five  unconventional  codes.  If  all  the 
subjects  had  agreed  on  the  rank  cider  of  codes  all  the  rhos  would  have  been 
1.00.  If  there  were  no  consistency  in  ranks,  the  rhos  would  have  been  dis- 
tributed randomly  around  zero.  The  mean  rho  is  .585  which  indicates  agree- 
ment among  the  subjects  which  is  significantly  greater  than  chance  at  the 
1%  level  of  confidence.  Kendall's  coefficient  of  concordance,  RW,"  computed 
from  the  mean  rho  equals  .60  which  transforms  to  a "zn  of  .769  (2,  pp.UlO-U20) 
A «*="  cf  only  .64?  la  required  for  rejection,  at  the  .01  probability  level 
for  U and  92  degrees  of  freedom,  of  the  hypothesis  that  such  agreement  is 
due  to  chance. 

A chi  square  test  of  the  error  frequencies,  omitting  the  Arable 
code,  shows  the  codes  to  differ  significantly  in  error  production  (I^  ■ 18. lU 

? - .01  for  four  d ogrccs  ci  freedom  : of  l8„i<6  is  needed  for  a P of  .001). 

Subjects  are  significantly  more  accurate  with  Code  E than  with  the  other 
four  codes;  since  without  code  B the  chi  square  is  insignificantly  larger 
than  expected  from  chance  differences  (l2  ■ 1.56). 


DISCUSSION  AND  CONCLUSIONS 


An  experiment  comparable  to  this  one  was  done  by  Perry  (3),  who 
compared  the  reading  speed  of  thirty  subjects  with  Arabic  and  Roman  numerals. 
The  subjects  read  as  rapidly  as  they  could  from  typewritten  lists  of  numerals 
for  one  minute  end  their  scores  were  the  number  of  numerals  read  aloud  in 
that  time.  Mean  reading  tiaes  were  presented  for  numerals  ranging  from  0-9 
IQ  - i+9,  and  50  - 99,  In  order  to  make  these  data  comparable  to  ours,  we 
weighted  the  means  of  the  three  number  sets  by  the  frequency  of  occurrence 
of  numbers  of  a tet  in  100  randomly  selected  numbers.  The  weighted  aveiage 
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TABLE  II 


Talus*  of  *t*  Ratios  for  the  Pairs  of  inference*  between  the  Reading 

E*5«  of  tM  Q ntimm _ 


CODE  Cora 


B 

c 

D 

E 

F 

*»l.  _ 
JV»  !•*  * 

* 

* 

» 

* 

A 

k*QT» 

3.96* 

$.05* 

8.6b* 

B 

1.06 

2.21* 

6.1*9* 

C 

1.3b 

6.50» 

D 

6.27“ 

E 

i 

i 

eSignifleant  at  iho  „COL  Isrsi  of  confidence. 


TABLE  III 

Rank  Order  of  Codes  with  Respect  to  Reading  Speed. 

Entries  rspreasni  the  nusbsr  of  subject*  for  wrrsi  each  code  a**isssd  a 
particular  rank. 

COOS  RANK 

1 < 1_ J* $ 6 

A 

B 
C 
0 
E 
? 


Vi  uDC  TR  5U-S6 


6 


WADC  TR  5ii-66 


i 


Pig.  3.  distribution  of  rank  order  correlation  coefficients  (rho)  Detw«un  wrf  subject's 
reading  speed  of  the  codes  and  every  other  subject's  reading  speed  of  the  coclua,  ooitting  Code  h. 


is  119*3  Arabic  numerals  par  minute  and  i*0.2  Reman  numerals  per  mir.utc. 

At  those  reading  rates,  100  Arabic  ntioerals  could  be  read  on  the  average 
in  50. U seconds  and  100  Roman  numerals  in  1U9  seconds  with  Perry5  s experi- 
mental conditions. 

The  difference  of  51  second?  for  th*»  Arabic  cods  between  Perry's 
Bluer iiisnt  and  our*  presumably  is  due  to  the  additional  time  required  for 
card  manipulation  in  cur  axperisant.  We  may  assvsae  that  that  additional 
time  is  the  same  for  all  of  the  codes  in  our  experia»riti  To  make  a compari- 
son between  the  reading  time  for  Roman  numerals  and  our  codes,  we  must  add 
si  seconds  to  ihs  sgiiaftted  average  of  1U9  seconds  to  read  100  Hasan  nraserels, 
so  are  obtain  2 CO  seconds  as  the  best  estimate  of  how  long  it  wouici  ure  xo 
read  100  Reman  numerals  under  our  experimental  conditions.  This  is  almost 
exactly  the  average  time  required  to  read  100  numerals  of  code  E,  the  line 
code,  which  is  more  Ilka  the  Roman  numeral  system  than  ary  other  of  the  codes 
we  used. 

The  proper  baseline  of  comparison  of  the  reading  times  for  the 
different  codes  is  50  seconds,  the  corrected  mean  reading  time  root*  code  A, 
or  the  time  it  would  have  taken  to  read  the  ibo  Arabic  numerals  were  it 
m<v  for  the  handling  of  the  index  cards.  Subtracting  51  seconds  from  the 
obtained  mean  reading  times,  the  corrected  mean  reading  time  for  code  B Is 
10U  sec.,  code  C is  11*2  sec.,  code  D is  136  sec.,  code  ¥ is  212  sec.,  and 
code  F is  151  sec.  We  can  get  the  best  idea  of  the  relative  reading  speeds 
for  the  codes  by  expressing  their  corrected  mean  reading  times  as  a ratio  to 
the  Arabic  code  corrected  mean  reading  time.  With  the  corrected  mean  time 
for  each  code  as  the  numerator  of  the  ratio  and  50  seconds  as  the  denominator, 
the  relative  reading  speeds  may  be  expressed  by  the  following  ratios 1 A ■ 1.00, 
B - 2.06,  C « 2.72,  D » 2.8U,  E • 3.02  and  F « l*»2l*.  Cede  B was  read  twice 
as  slowly  as  A,  codes  G,  D and  E were  read  about  three  times  as  slowly  and  code 
F was  read  about  four  times  as  slowly  as  the  Arabic  code. 

Seme  caution  should  be  kept  in  mind  in  applying  the  results  of  this 
experiment.  We  have  sampled  only  one  point  along  the  learning  curve,  and 
with  additional  practice  and  familiarity  ve  say  assume  that  the  relative 
speeds  with  which  the  codes  would  be  read  could  differ  somewhat  from  cur  results 
All  the  codes  would  probably  be  read  faster  with  more  practice,  but  it  is 
very  likely  that  code  B would  maintain  its  superiority  over  the  other  codes, 
and  probably  it  would  result  in  nearly  as  rapid  reading  as  the  Arabic  oode. 

If  engm  r 'jug  considerations  make  it  unfeasible  to  build  s light- 
weight scanner  to  interpret  the  conventional  Arabic  numerals,  then  a numeral 
system  analogous  to  our  cods  B should  be  considered.  Its  use  by  people  is 
comparatively  efficient  since  it  resembles  the  Arabic  code,  and  it  may  be 
automatically  used  by  a scanner  of  six  line  elements.  Code  B should  not 
necessarily  be  decided  upon  as  the  one  to  use  in  a practical  situation,  but 
only  as  a prototype  of  a whole  class  of  numeral  types  that  could  be  developed 
for  the  purpose.  Future  research  should  deal  with  the  development  of  a sym- 
bolic Arabic  code  and  the  experimental  display  apparatus  should  resemble  the 
display  which  is  liksiy  to  be  used  in  the  airborne  equipment.  Another  important 
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Advantage  of  a cc-dr  like  B is  that  it  could  be  used  just  as  well  to  code 
the  26  letters  of  the  alphabet  for  tape  presentation  of  verbal  material. 
Appendix  III  contains  a suggested  symbolic  code  system  for  letters  based 
on  eight  line  elements;  this  requires  the  splitting  of  the  two  center  ele- 
ments of  the  number  scanner  into  halves  or  into  four  elements  which  can  be 
activated  separately. 

Another  possibility  would  be  to  have  a dual  system,  so  that  a 
simple  dot  code  could  be  used  by  the  mechanical  scanner,  while  the  Arabic 
code  could  be  superimposed  on  the  tape  for  human  scanning.  The  reading- 
h—  -cores  of  code  k oesparsd  with  G,  D and  E suggest  that  a code  based 
on  ttw  number  ox  elrawnus  is  superior  to  was  uia«u  v >u  the  position  of  . 
single  element.  Code  ¥ was  read  significantly  more  slowly  as  tested  by 
a "t*  test  than  all  the  other  codes.  It  seems  to  make  little  difference 
whether  the  elements  are  dot*  or  lines  but  presumably  the  elements  should 
be  patterned  to  aid  in  the  identification  of  visual  number. 

Only  1.88$  of  the  12,000  numerals  were  read  incorrectly,  so  an  exten- 
sive analysis  of  the  particular  error  producing  features  of  the  codes  is 
not  possible.  However,  two  outstanding  sources  of  errors  are  apparent 
from  an  inspection  of  the  error  data,  and  certain  features  of  the  codas 
could  be  improved  if  they  were  considered  for  use.  Half  of  the  errors  in 
code  B involved  the  numeral  "U*  which  was  most  often  confused  with  5 5s. 
Confusion  between  the  *0*  and  the  B9*  accounts  for  one  third  of  the  errors 
in  code  D.  Taking  U/5  of  the  total  en  rs  for  each  code,  as  the  expected 
frequencies,  and  Lhs  number  of  errors  which  occurred  without  counting 
stimulus  numbers  with  a zero  as  the  obtained  frequencies,  the  chi  square 
including  code  D is  19.12  (significant  at  the  1$  level)  and  the  chi  square 
without  code  D is  2.08  (not  significant).  This  indicates  that  code  0 would 
be  considerably  more  accurate  without  a taro,  but  the  use  of  a zero  did  not 
i materially  affect  the  accuracy  of  the  other  codec.  However,  codes  like  C, 

11  and  E would  all  be  improved  if  in  actual  use  a blank  space  in  the  proper 
column  would  designate  sere  rather  than  a symbolic  representation.  The 
tape  with  a long  series  of  numbers  would  then  present  a graphical  picture 
aod  the  operators  could  get  an  idea  of  the  magnitudes  end  trends  presented 
without  reading  the  actual  numbers. 

Since  the  accuracy  of  code  B was  materially  affected  by  the  amission 
of  sere  numbers,  we  wondered  whether  the  speed  of  reading  the  code  was 
also  affected.  Eight  additional  subjects  were  run  on  100  cards  of  codes 
B and  D *rcm  which  zero  numbers  wars  emitted.  The  seen  reading  time  of  the 
two  codes  were  similar  to  the  means  of  the  previous  experimental  groups 
and  in  favor  of  code  B.  Only  one  subject  was  faster  on  code  D than  K and 
the  difference  between  the  means  of  the  two  codes  is  statistically  significant 
at  the  5$  point  as  tested  by  the  "t*  ratio  of  the  mean  difference  divided 
by  the  standard  error  cf  the  difference  obtained  by  the  difference  method. 

-*  expected  cods  B to  result  in  faster  reading  so  the  wtB  ratio  of  1.89  is 
significant  by  a one  tailed  test.  Further  experimentation  should  be  done 
with  actual  tapes  prepared  and  read  as  they  would  be  in  a real  situation  in 
order  to  test  the  merits  of  a code  like  D or  E in  presenting  a graphical 
picture. 
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APPENDIX  I 


Table  ct  P>s sc£ng  TJ®«  in  Seconds 
for  100  ?w?  Digit.  Nuwb#r* 

CODE 


A 

B 

SYMBOLIC 

n 

w 

D 

E 

F 

SUtwiiGT 

ARABIC 

ARABIC 

NO,  DOTS 

NO,  DOS 

PC.  USE? 

K*S,  DOT 

1 

96 

133 

179 

187 

184 

507 

2 

102 

138 

182 

159 

155 

aiff 

3 

66 

112 

137 

12? 

114 

L6u 

4 

107 

167 

204 

176 

185 

521 

5 

86 

115 

135 

175 

197 

526 

✓ 

o 

130 

16d 

235 

206 

236 

£J7 

7 

121 

160 

175 

161 

193 

524 

a 

91 

133 

231 

196 

230 

5i *6 

9 

79 

137 

186 

237 

225 

563 

10 

107 

128 

187 

198 

?!•» 

508 

u 

68 

144 

200 

167 

160 

L95 

12 

88 

124 

181 

206 

153 

U0 

13 

119 

152 

259 

271 

351 

Uo 

14 

11*0 

1A1 

lAft 

AW 

19? 

«**  c 
CXU 

139 

123 

216 

231 

190 

208 

*77 

16 

100 

136 

189 

228 

228 

*52 

17 

88 

140 

1.64 

143 

216 

2 ji4 

lfi 

90 

122 

341 

AM. 

153 

254 

2 >8 

19 

116 

185 

222 

277 

*38 

20 

io4 

166 

191 

251 

232 

2 71 

21 

81 

184 

166 

209 

173 

3:50 

22 

98 

139 

183 

178 

183 

2-46 

23 

99 

196 

157 

144 

154 

2 11 

24 

105 

9-JC 

«* 

175 

164 

232 

2 51 

KEAN 

101 

ic  s: 

187 

193 

202 

2-63 
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APPENDIX  II 

Table  of  Error  Responses 
CODE 

A B C D 

OrifOAT  TA 
sjapummLw 


ARABIC 

ARABIC 

NO. 

DOTS 

NO. 

DOTS 

NO. 

LINES 

FOS. 

DOT 

q 1 

« 2 

♦ «r 

S, 

R. 

S. 

R. 

S. 

R. 

S. 

R. 

Q 
«■*  e 

R. 

11 

01 

43 

ho 

74 

54 

30 

80 

92 

91 

84 

74 

03 

30 

35 

34 

11 

22 

70 

90 

86 

36 

47 

46 

50 

55 

25 

75 

06 

96 

30 

80 

12 

03 

46 

56 

60 

61 

24 

74 

88 

77 

69 

79 

11 

92 

07 

06 

80 

82 

42 

47 

29 

20 

07 

97 

83 

73 

66 

36 

73 

37 

23 

73 

31 

« 

04 

94 

98 

99 

93 

83 

06 

46 

54 

04 

03 

93 

08 

09 

3? 

37 

Q< 

•AC 

07 

A • 

m 
— « 

rex 

V«k 

7-*- 

58 

4e 

62 

61 

94 

64 

86 

83 

09 

98 

56 

4b 

97 

98 

91 

61 

87 

97 

(X) 

99 

33 

83 

53 

52 

90 

60 

82 

83 

70 

79 

65 

Sc 

93 

91 

76 

75 

31 

41 

58 

59 

29 

19 

68 

JO 

37 

35 

81 

82 

09 

00 

02 

93 

08 

07 

94 

90 

50 

40 

73 

72 

08 

98 

58 

28 

44 

43 

37 

36 

18 

08 

85 

84 

38 

37 

ll. 
1 *♦ 

£)• 

& 

•%Z. 

JW 

0m  / 

fO 

71 

12 

13 

80 

70 

*\c 

■**> 

14 

2? 

17 

64 

74 

78 

28 

59 

50 

24 

20 

28 

27 

52 

■42 

32 

31 

26 

16 

44 

55 

17 

07 

04 

94 

88 

69 

4o 

50 

46 

56 

62 

32 

76. 

71 

86 

96 

68 

38 

74 

54 

49 

39 

28 

29 

88 

99 

76 

86 

94 

-93 

59 

69 

71 

17 

69 

39 

74 

73 

85 

86 

84 

48 

60 

«*■  **’ 

20 

29 

Qt; 

05 

82 

2 8 

ou 

84 

95 

94 

n 

61 

34 

35 

52 

42 

97 

92 

69 

60 

07 

70 

67 

-57 
> • 

85 

84 

46 

45 

• 

63 

- 

«c 

7C~ 
• > 

#**» 

VM 

57 

78 

28 

08  ' 

18 

96 

93 

40 

46 

69 

80 

76 

96 

49 

39 

97 

07 

18 

17 

73 

71 

76 

73 

65 

64 

03 

53 

aO 

OO 

53 

73 

78- 

• -79- 

08 

_ 58 

17 

18 

0? 

06 

83 

82 

90 

80 

33 

23 

64 

63 

58 

53 

05 

15 

81 

71 

47 

37 

17 

12 

01 

ll 

62 

42 

40 

30 

63 

63 

92 

32 

50 

60 

02 

82 

97 

97 

79 

74 

42 

52 
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Table  of  Error  Responses,  coni. 


A 

B 

c 

.*• 

D 

£ 

F 

SYMBOLIC; 

ARABIC 

ARABIC 

NO. 

DOTS 

NO. 

DOTS 

NO. 

LINES 

POS, 

DOT 

S.  R. 

S.  n. 

3. 

R, 

PC 

Oe 

R. 

8.. 

R. 

s. 

R. 

27 

17 

86 

81 

5? 

c« 

69 

39 

O ^9 

u { 

7: 

O *e 
<:  r 
* 

c'n 

1 

vp 

55 

62 

32 

67 

68 

9l* 

1*1* 

1*8 

U3 

68 

38 

21 

23 

0? 

1? 

76 

71 

6o 

30 

97 

98 

06 

79 

71* 

63 

1*3 

79 

69 

04 

ii* 

86 

81 

56 

23 

06 

09 

03 

13 

68 

69 

71 

17 

13 

U* 

43 

1*7 

29 

21* 

84 

3*8 

87 

86 

01 

11 

05 

08 

37 

36 

09 

19 

76 

67 

oe 

1*2 

00 

100 

93 

63 

38 

36 

10 

01 

57  52 

be  12 
05  15 

08  18 
20  25 

07  97 

53  1*3 

57  1*7 


• S is  the  number  presented, 

• R Is  the  Incorrect  response. 
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APPEUEI!  in 


Suggested  Symbolic  Alphabet  to  Use  for  the 
Tape  Presentation  &f  Verbal  Infonaation 


UL  i IfcKS 


ELEMENTS 

Kn 


A 

/! 


B 

K 


c 

C 


1> 


E 

z 


F 

IZ 


G 

G 


H 

n 


j 

j 


K 

K 


w 

M 


N O 

N □ 


p 

p- 


Q 

s 


R 

R 


A 


U V 

U 1/ 


w 

X 


X 


Y 

X 


Z 

7 


NUMERALS 


□ I Z 3 X K 


FT” 


8 

T7 


S 

\1 


Phis  alphabet  requires  an  eight  eiasssnt  printer.  An  eight  el«w  nt 
printer  could  result  in  improved  presentations  of  numerals  3 and  it  as 
suggested  ir.  the  above  table,  rather  than  as  they  were  in  the  experiment. 


lit 
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